Silver nanoparticles (AgNPs) have been synthesized in the presence of Strawberry fruit extract (SBFE) at room temperature. The synthesized AgNPs was characterized by UV-vis spectroscopy, SEM, EDS, XRD, TEM and FTIR. The UV-vis spectra of the AgNPs show SPR band at 450 nm. TEM results indicate that AgNPs are spherical in shape and size range between 7-65 nm. Antibacterial activity of the synthesized AgNPs has been assessed against Pseudomonas aeruginosa and Bacillus licheniformis. The results show that AgNPs exhibit inhibitory effect and effect is a function of AgNPs concentration. The antibacterial activity of the prepared AgNPs has been compared with two antibiotics, amoxicillin and ciprofl oxacin. It is found that the antibiotics perform better than AgNPs.
INTRODUCTION
Metal nanoparticles particularly silver nanoparticles (AgNPs) have attracted considerable attention in recent times because of their attractive properties related with the quantum size effect and their limitless applications in areas such as optics, catalysis, optoelectronics, chemical/biochemical sensing, biomedical, and nanostructure fabrication 1-5 . They can be synthesized by physical 6, 7, 8 , chemical , methods. Although successes have been achieved with these techniques, environmental issues associated with most chemical substances used as reducing agents, technical laboriousness, and high fi nancial demand have made these methods less attractive. Economical and eco-friendly synthetic route considered by researchers at present is biosynthesis using bacteria 16 fungi 17, 18 biomolecules 19 and extensively, plant parts 4, 20, 21, 22 . The use of plant extract in the synthesis of metal nanoparticles is of remarkable interest because they can act as reducing agents as well as capping agents in addition to their environmental friendliness, sustainability and cost-effectiveness.
It has been established 23- 25 that silver ions, silver compounds and silver nanoparticles have antimicrobial and antiviral effects. As such, researchers have screened most plant mediated silver nanoparticles for their antimicrobial and antiviral effects. Padalia et al. 21 synthesized sliver nanoparticles using fl ower broth of Tagetes erecta as reductant by a simple and eco-friendly route and evaluated the synergistic antimicrobial potential of the AgNPs with various commercial antibiotics against Gram positive (S. aureus and B. cereus), Gram negative (E. coli and P. aeruginosa) bacteria and fungi (C. glabrata, C. albicans, C. neoformans). It was found that antifungal activity of AgNPs with antibiotics was better than antibiotics alone against the tested fungal strains and Gram negative bacteria. Gopinath et al. 4 13 noted that silver nanoparticles achieved using aqueous extract of Origanum vulgare (Oregano) showed dose dependent response against human lung cancer A549 cell line (LD 50-100 μg/mL). Also, Ahmed et al. 26 found recently that silver nanoparticles synthesized using aqueous leaves extract of Skimmia laureola at room temperature are potent against human pathogenic Gram-positive and Gram-negative bacteria.
Strawberry is of the genus Fragaria and cultivated mostly for its fruit. It is consumed either fresh or in such prepared foods as fruit juice, pies, ice creams, milkshakes, and chocolates 27 . Earlier reports have shown that strawberry consumption has the capacity to decrease cardiovascular disease risk and its phytochemicals possess anti-infl ammatory or anticancer properties 27-29 . Our motivation towards synthesizing Strawberry mediated silver nanoparticles and testing for its antibacterial activity stemmed from these fi ndings. Herein, we report the green synthesis of silver nanoparticles using extract of strawberry fruit and the potency of the nanoparticles against Pseudomonas aeruginosa and Bacillus licheniformis. The prepared nanoparticles were characterized by UV-vis, XRD, FTIR, TEM and EDS.
MATERIAL AND METHODS

Preparation of strawberry fruit extracts (SBFE)
25 g of freshly purchased Strawberry fruits were rinsed severally with distilled water and were then cut into small pieces followed by crushing with a mixer grinder by adding about 100 mL of distilled water into it. It was then fi ltered using Whatman no. 1 fi lter paper and the fi ltrate was centrifuged at 8.000 rpm for 10 min to remove fi brous impurities. Thereafter, the aqueous extract was refrigerated prior to use.
Synthesis of silver nanoparticles
Aqueous solutions (0.001 M and 0.01 M) of silver nitrate (AgNO 3 ) were prepared and used for the synthesis of the silver nanoparticles. Different concentrations (0.1-2.0 mL) of aqueous extract of Strawberry fruit were introduced into a 250 mL Ertenmeyer fl ask and appropriate amount of AgNO 3 (0.001 M or 0.01 M) was added. The reaction mixture was allowed to stand at room temperature for 24 h and to extended period up to 18 days to evaluate the effect of time on the nanoparticles formation. Silver nanoparticles were gradually formed during the period as was evident in the colour change of the reaction mixture (Fig. 1) .
Characterization of silver nanoparticles
Uv-visible measurements
The spectral analysis for the development of AgNPs was observed using JASCO770-UV-vis spectrophotometer from 250 to 800 nm using a dual beam operated at a resolution of 1 nm with a scan rate of 200 nm/min at ordinary temperature. Sharp peak in the range of visible region of the electromagnetic spectrum indicates the formation of AgNPs.
SEM analysis
Scanning electron microscopy (SEM) analysis was performed using the JEOL JSM-6610 LV instrument. Thin fi lms of the sample were prepared on a carbon coated gold and platinum grid by simply dropping a small amount of the sample on the grid.
EDS analysis
Samples were prepared by depositing a drop of colloidal solution on an aluminum grid sample holder and drying at normal temperature. The elemental composition of the sample was analyzed with energy dispersive spectroscopy (EDS) coupled to the SEM JEOL JSM-6610 LV
XRD analysis
AgNPs solution was centrifuged at 10.000 rpm for 30 min. The solid residues of AgNPs were washed twice with distilled water and then re-dissolved in absolute ethanol and evaporated to dryness at 353 K to get powder AgNPs which was used for X-ray diffraction (XRD) measurements. The XRD patterns were recorded on Rigaku Mini-fl ex II system using nickel fi ltered Cu Kα radiation λ = 1.5406 o A at 40 kV and 30 mA.
TEM analysis
The morphological examination of the shape and size of silver nanoparticles was carried out using transmission electron microscopy (TEM). The drop of silver nanoparticle solution was loaded on carbon-coated copper grid and allowed to dry for an hour. The TEM micrograph images were recorded on JEOL instrument JEM-2100F instrument on carbon coated copper grids with an accelerating voltage of 200 kV.
FTIR analysis
Fourier transformed infrared (FTIR) spectra of AgNPs samples were recorded with the aid of Fourier transformed infrared (Perkin Elmer 16F PC FTIR) spectrometer. The FTIR spectrum ranged from 4000 to 450 cm 
Zeta potential measurement
The zeta potential of the synthesized AgNPs was determined in water as dispersant using Zetatrac (Microtrac, USA).
Bacterial culture
Two bacterium strains were employed in this study, and these are the gram-Pseudomonas aeruginosa N7B1 and the gram+ Bacillus licheniformis (Gene Bank accession numbers GI 482716237 and 540360856 respectively). These strains were isolated from petroleum contaminated shore lines of the Arabian Gulf of Saudi Arabia. They were cultivated in Luria broth (LB) medium (containing 10 g L of 1 peptone, 5 g L of 1 yeast extract, and 10 g L of 1 sodium chloride) in a shaker-incubator at 37 o C, 120 rpm for 2-3 days, and the growth was monitored by measuring the absorbance (optical density [OD] ) of culture at the wavelength of 600 nm, the standard wavelength to measure bacterial growth. The OD measurements were carried out using the APEL PD-303 UV spectrophotometer (Japan). The growth was also measured by visual observation of the turbidity of the culture. To quantify individual colonies, bacteria were streaked on a solid medium of Luria broth medium supplemented with1 % agar, incubated at 37 o C for 24 h, and colonies were counted and the results represented as colony forming unit (CFU/ml of the culture).
Antibacterial assay
Two approaches were employed to assess the antibacterial activity of the nanoparticles. The fi rst was the "cup and plating" method, adapted from Rios et al.
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, a gross estimation of antimicrobial activity. The experiment was carried out in solid medium, and after spreading 100 μL of a bacteria culture (containing 10 6 CFU/mL ) on the agar plate, the plate was cupped at the center, with a formation a small hole (around 5mm diameter and 2 mm height) in which the antimicrobial agent was added from. The antimicrobial activity was measured by the diameter of the inhibition zone (disc diffusion). The higher the diameter of the inhibition zone, the higher the activity of the antimicrobial agent.
The second approach was based on the use of liquid medium to establish the antibacterial activity of the nanoparticles. A serial dilution (by factor of 10 for a total of 4 dilutions) of nanoparticles (starting from 0.01 M) was prepared using a fresh culture medium, and 200 μL of each were added in a 5mL LB culture tubes. The tubes were incubated at 37 o C in a shaker at 250 rpm for 24 h. Positive control tubes consisted of bacteria culture without antibacterial agents, while negative control contained the antimicrobial agent but without bacteria. In addition, two antibiotics, amoxicillin and ciprofl oxacin were used as references. The growth of bacteria after 24 h was associated with an increase in turbidity, and this turbidity was assessed visually. The minimum inhibitory concentration (MIC), which also refl ects the bacteriostatic effect, was the lower concentration at which no turbidity was visualized, in comparison with the positive and negative controls. The turbidity refl ected the presence of both viable and dead bacteria. To assess the presence of viable bacteria, 100 μL of each culture was spread on the agar LB plate and incubated at 37 o C for 24 h. Viable bacteria were counted, and data represented as colony forming unit (CFU). The minimum concentration of antibacterial agent that prevented bacteria growth in the solid plate medium was referred to as minimum bactericidal concentration (MBC). These methods used for assessing MIC and MBC were described elsewhere 31 .
RESULTS AND DISCUSSION
UV-vis analysis
By mixing Strawberry fruit extract (SBFE) with AgNO 3 solution and allowing it to stand at ordinary temperature for 24 h, the initial yellow coloration turned dark brown and deepened after 96h of reaction time (Fig. 1) . This change could possibly be due to excitation of Surface Plasmon Resonance (SPR) during the formation of silver nanoparticles 1, 32 . To ascertain whether or not the color change was due to reduction of Ag + to Ag 0 during the formation of AgNPs, UV-vis analysis of the mixture was conducted. UV-vis spectroscopy has enjoyed high patronage in the analysis of silver nanoparticles because of the uniqueness of AgNPs peak at about 380-450 nm arising from SPR transition 33, 34 . Figure 2 shows the UVvis spectra recorded as a function of concentration of SBFE extract in a reaction with an aqueous solution of To study the infl uence of silver ion concentration and reaction time, UV-vis experiments were performed using different concentrations of AgNO 3 at different reaction times. The UV-vis spectra obtained for AgNPs synthesized using aqueous SBFE at 1 day and 18 days reaction with 0.01 and 0.001 M aqueous AgNO 3 solutions respectively are shown in Figure 3 . It is obvious from the fi gure that at short reaction time (1 day), the absorption peaks for both AgNPs synthesized from 0.01 and 0.001 M AgNO 3 respectively are not very prominent. This could be interpreted to mean fewer AgNPs at this reaction time. As the reaction time prolonged to 18 days, the absorption peaks become sharp and very prominent but with the intensity of the AgNPs synthesized from 0.01 M AgNO 3 being higher than that prepared from the lower concentration of AgNO 3 . This means that at this reac- tion time, much AgNPs which were stable and without much aggregation were formed. This is also evident in the high negative value of zeta potential (-54.46 mV) ( Table 1) . As explained by Prathna et al. 35 such stability arises from potential barrier that develops as a result of competition between weak van der Waal forces of attraction and electrostatic repulsion. which acted as the reducing agent according to the reaction:
(1) Bindhu and Umadevi 5 reported that ascorbic acids present in Hisbiscus cannabinus leaf extract were responsible for the reduction of silver ions to elemental silver during the synthesis of AgNPs using the leaf extract. Ghaffari-Moghaddam and Hadi-Dabanlou 20 submitted that the green synthesis of AgNPs using Crataegus douglasii fruit extract was possible due to the oxidation of aldehydes present in the fruit extract to carboxylic acids. The investigation of Cordenunsi et al. 37 into the chemical composition of Strawberry fruit revealed that the fruit contains ascorbic acid, soluble sugars (fructose, sucrose, and glucose), phenolics, and fl avonoids in appreciable amount. These phytochemicals could be responsible for the conversion of Ag + to Ag 0 in the present study. Figure 4 shows scanning electron microscopy (SEM) images of synthesized AgNPs with (a) 0.001 M and (b) 0.01 M AgNO 3 solution and their corresponding energy dispersive X-ray spectroscopy (EDS) images after 24 h reaction time. As could be clearly seen in Figure 4 , Strawberry fruit extract successfully reduced AgNO 3 to AgNPs and the nanoparticles are spherical in shape from 0.001 M AgNO 3 concentration and of mixed shape from the 0.01 M AgNO 3 concentration. Also the sizes of the AgNPs are larger from the higher concentration of AgNO 3 (0.01 M) than the lower concentration (0.001 M) studied. In the corresponding EDS images (Fig. 4a, b) , typical optical absorption peak of metallic Table 1 . Zeta potential result for AgNPs formed from strawberry fruit extract The mechanism of biosynthesis of metal nanoparticles using plant extracts is a complex one because of the complexity involved with the composition of plant extract. Plant extract is a rich source of complex bioactive molecules such as enzymes, proteins, polysaccharides, fl avonoids, amino acids, vitamins, etc.
SEM/EDS analyses
36 which can act as reducing and stabilizing agents. Although a general mechanism for plant mediated metal nanoparticles is diffi cult because of the above stated reason, scientists have attempted to pinpoint at the major phytochemicals in plant which could be responsible for the conversion of metal ion to elemental metal during metal nanoparticles synthesis. Chowdhury et al. 1 proposed that the synthesis of water-dispersible AgNPs at room temperature using green carambola (Star fruit) extract was initiated by the polysaccharides having the general formula C x (H 2 O) y , silver nanocrystals at 3 keV 1, 38 can be visibly seen, thus confi rming the formation of AgNPs. The Al peak also seen in Figure 4 (b) arose due to the Al grid while the C and O peaks come from organic phytoconstituents in the fruit extract.
XRD analysis
The XRD pattern of Ag nanoparticles synthesized by treating 5 mL aqueous SBFE with 0.001 M aqueous AgNO 3 solution is presented in Figure 5 . The four peaks are observed at 2θ = 38. 
FTIR analysis
To identify the possible bioactive molecules in strawberry fruit extract responsible for the reduction of Ag + to Ag 0 and the stabilization mode of the AgNPs, FTIR measurements were carried out. Figure 8 shows the FTIR of AgNPs synthesized by treating 5 mL aqueous SBFE with (a) 0.001M, (b) 0.01 M aqueous AgNO 3 solution and (c) SBFE alone. For the spectra in Figure 8a and b, notable peaks are at 3400, 1720, 1382, and 1070 cm -1 . The absorption peak at 3400 cm -1 signifi es OH stretching mode of polyols present in the fruit extract and are in some degree of hydrogen bonding. This hydrogen bonding may be responsible for the stabilization of the silver nanoparticles. Authors have given similar submission 1, 40 . The peak at 1720 cm -1 arose from C=O stretching of ketones in ascorbic acid present in the fruit extract. Cordenunsi et al. 37 had quantitatively 
TEM analysis
The morphology of the synthesized SBFE mediated AgNPs was also observed with the aid of transmission electron microscope (TEM). Figure 6 shows the TEM micrographs for AgNPs prepared by treating 5 mL of SBFE with 0.01 M AgNO 3 solution at (a) 100 nm, (b) 50 nm, and (c) selected area electron diffraction (SAED) patterns. Similar TEM pictures for AgNPs synthesized by treating 5 mL of SBFE with 0.001 M AgNO 3 solution are given in Figure 7 . It is observed from the fi gures that the AgNPs formed are well dispersed and are spherical in shape, thus corroborating the SEM results (Fig. 4a) . The crystalline nature of the nanoparticles established from the XRD results (Fig. 5) is further proven by the bright circular spots seen in the SAED patterns in Figures 6c and 7c which correspond to (111), (200) shown that strawberry fruit contained ascorbic acid in an appreciable quantity. The C-O stretching and OH out-of-phase plane deformation signals of ascorbic acid appear at 1382 and 1070 cm -1 respectively. Compared with the SBFE spectra in Figure 8c , the striking difference is on the intensity of the C-O stretching band at 1382 cm -1 and the position of the C=O stretching peak. It can be seen that the C-O peak is more intense in the SBFE spectra (Fig. 8c) than in the AgNPs spectra ( Fig.  8a and b) . Also, the C=O stretching peak appeared at 1610 cm -1 in the SBFE spectra but was shifted to 1720 cm -1 in the silver nanoparticles spectra. This obvious changes in the intensity of C-O peak and position of C=O peak indicate that ascorbic acid present in SBFE played a signifi cant role in the conversion process of silver ions to elemental silver. Also, by comparing Figure 8a and (b), the infl uence of silver ions concentration can be seen. All the absorption peaks in the FTIR spectra in Figure 8b are stronger than those in Figure 8a which is in perfect agreement with the results from the other characterization methods and further support the submission that 0.01 M AgNO 3 gives rise to bigger AgNPs than 0.001 M AgNO 3 .
Zeta potential measurement
Zeta potential is defi ned as the potential difference between the dispersion medium and the stationary layer of fl uid attached to the dispersed particle. It is a key indicator of the stability of colloidal dispersions. The magnitude of the zeta potential indicates the degree of electrostatic repulsion between adjacent, similarly charged particles in dispersion. The zeta potential of the synthesized AgNPs was determined in water as dispersant. The result obtained from the zeta potential measurement is displayed in Table 1 . From the table, the zeta potential is seen to be negative with numerical value of 54.46 mV. The high value indicates existence of repulsion among charged particles resulting in increased stability of the formulation 41 . The negative potential value could be possibly attributed to the capping of the bio-organic components present in the extract 42 .
Antibacterial activity
The gross activity of the AgNPs was established grossly by employing the cup-plate experiment and the studies were carried out in duplicate. Two concentrations of (Table 3a) . Thus, MIC for P. aeruginosa and B. licheniformis were 4 × 10 -5 and 4 × 10 -7 M respectively ( (Table 3b, c and Table 4 ). Further investigations on the ability of these bacteria to inhibit growth in solid agar medium showed the minimum concentrations of AgNPs at which growth is inhibited, which is equivalent to MBC, was 4×10 -5 M (Table 3 a and Table 4 ). In line with MIC results, lower MBC values were obtained for the 2 antibiotics. Indeed, amoxicillin MBC were 10 -8 M for both strains, while values of cirprofl oxacin of 10 -7 and 10 -9 M corresponded to P. aeruginosa and B. licheniformis respectively (Table 3 b, 3 c, Table 4 ).
CONCLUSIONS
On the basis of the fi ndings of this investigation, the following conclusions are drawn:
-AgNPs can be synthesized at room temperature by mixing aqueous solution of AgNO 3 with Strawberry fruit extract.
-The formation of AgNPs and the size of the nanoparticles are infl uenced by AgNO 3 and SBFE concentrations as well as reaction time. 5 mL SBFE with 0.01 M AgNO 3 produced stable and bigger AgNPs at 18 days reaction time.
-AgNPs exhibit inhibiting infl uence on Pseudomonas aeruginosa and Bacillus licheniformis growth. The antibacterial activity is a function of concentration; however its inhibition profi le is lower than that of the reference antibiotic amoxicillin and ciprofl oxacin.
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